3 8
storage, input requirement, bacterial purity, and uniform lysis to generate high quality RNA 1 3 9
footprints from fecal samples.
4 0
Computationally, dealing with short reads and poor or incomplete reference genomes is 1 4 1 challenging. To overcome these challenges, we use a de novo approach to build references, 1 4 2 annotate genes, and map reads to those references (see Methods, Figure 1B ). Mapping metrics to 1 4 3 de novo references are provided (Table S1 ). We require perfect, unique matches of these (see Methods). The top 10 most common biological process associated GO terms are displayed, 2 5 8
with translation being the top hit ( Figure 6D ). These sequences and clusters are provided for 2 5 9
reference (File S1). Across samples, we catalog 42,267 differentially translated genes and 607 2 6 0 consistently translationally regulated gene clusters in these fecal samples, many of which are 2 6 1 involved in expected processes, like translation.
6 2
Other approaches, albeit more biased to known gene annotations, are to rely on Prokka 41 2 6 3
annotations. We count the number of times a gene symbol appears as differentially translated 2 6 4 ( Figure S5 ) and input those that appear at least five times into a GO Analysis (see Methods, 2 6 5 Figure S6 ). Translation remains the top hit. For Samples A, B, C, and D, we provide GO 2 6 6 analysis results of differential genes for each sample individually (Table S2) . As a more 2 6 7
pathway-oriented analysis, we also determine overrepresentation of pathways among globally 2 6 8 differentially translated enzymes based on EC numbers assigned by Prokka 41 (see Methods, 2 6 9 Table S3 ). Amino acid biosynthesis is among the most consistent top hits across samples ( the fecal microbiota ( Figure S6 and File S2). We also expect MetaRibo-Seq to be applied to 3 2 6
other culture-free conditions, perhaps requiring other modifications. Overall, we show that 3 2 7
translation can be comprehensively studied in mixed bacterial communities in a culture-free 3 2 8
manner. This method also sheds light on consistently translationally regulated genes in vivo in a 3 2 9
comprehensive, metagenome-wide analysis. to pellet cellular debris, and the supernatant was extracted to 2 mL tubes. MetaRibo-Seq 3 6 0
The lysis supernatant was subjected to ethanol precipitation with 0.1 percent volume 3M We performed metatranscriptomics as follows: 15 μL of proteinase K (Ambion, 20 3 9 1 mg/mL) was added to 600 μL of lysate. After incubation for 10 minutes at room temperature, 3 9 2 samples were centrifuged at 21,000 x g for 3 minutes and the supernatant was collected. An 3 9 3 equal volume of Phenol/Chloroform/Isoamyl Alcohol 25:24:1 (pH. 5.2) was applied and vortex 3 9 4
for three minutes. The mixture was centrifuged at 21,000 x g for three minutes. The aqueous 3 9 5
phase was extracted. This was repeated once more. The final aqueous phase was ethanol 3 9 6
precipitated. The RNA was further purified using the RNAeasy Mini plus Kit (Qiagen) using 3 9 7 manufacture protocols. Any remaining DNA was degraded via Baseline-ZERO-Dnase 3 9 8
(Epicentre) using manufacture protocols. RNA was fragmented for 15 minutes at 70 °C using to a nanoAcquity UPLC system (Waters, M Class) was used to collect mass spectra (MS).
3 7
Samples were loaded on a 25 cm sub 100 micron C18 reverse phase column packed in-house 30 and -illumina. Reads were mapped to the annotated assembly using bowtie version 1.1.1 48 .
6 5
To avoid all possible conservation conflicts in downstream differential analysis, only perfect, 4 6 6 unique short read alignments were considered. IGV 49 was used to visualize coverage. Prokka 4 6 7 v1.12 41 was used to predict genes from the metagenomics assemblies using the -meta option.
6 8
Annotations were facilitated by many dependencies 38, 50, 51, 52 . For small protein predictions, 4 6 9 prodigal 38 was performed after lowering the size threshold from 90 bases to 60 bases. The number of reads mapping to a given region were calculated with bedtools multicov 59 .
8 9
Strandedness was enforced for metatranscriptomics and MetaRibo-Seq. All differential analyses 4 9 0
were performed using these counts with all conditions performed in duplicate via DESeq2 60 . A 4 9 1 gene was considered differential if it had log2fold change above 1 or below -1, while also 
9 9
Significant differences between RPKM values were assigned using the Kruskal-Wallis test.
0 0
Significance was assigned as * p value < 0.05, *** p value < 0.001. Zou's 58 95 percent 5 0 1 confidence intervals were assigned *** if there is no overlap with 0 in the interval. translational evidence were also clustered using this same approach. Coding potential was 5 0 8 assessed using RNAcode 39 using the p value assigned to the predicted reading frame. genus were binned together. Only reads mapping specifically to these bins were considered. background for these metagenomic analyses. Stanford hospital. We would like to thank the patients and nurses involved in collection. We 5 3 2
thank Christina Wyss-Coray for collecting Alzheimer's samples used in this study. We represented below three percent are grouped into "Other" for visual purposes.
7
(B) Shannon diversities across technologies for these samples are displayed. In a low diversity fecal sample, MetaRibo-Seq is a significantly better predictor than 5 6 8 metatranscriptomics of protein abundance and ATP synthase stoichiometry in E. coli.
6 9
(A) In Sample E, there are 1503 proteomically-detectable genes. Only focusing on these genes, 5 7 0
we taxonomically classify the entire gene in equal number to the reads (for metatranscriptomics 5 7 1
and MetaRibo-Seq) or spectral counts (for metaproteomics) assigned to it (see Methods).
7 2
(B) Scatterplot of MetaRibo-Seq RPKM and metaproteomics NSAF log-scaled for these 1503 5 7 3
genes.
7 4
(C) Scatterplot of MetaRibo-Seq RPKM and metaproteomics NSAF log-scaled only for the 928 5 7 5
proteomically-detected genes predicted from isolate E. coli. Seq RPKM, and metaproteomics NSAF for these 497 genes. 6 1 9
Genes that are consistently translationally regulated emerged across samples and taxa. sequence (see Methods) is selected to represent the entire cluster. These representatives were 6 3 4
input into Blast2GO to assign GO terms based on protein sequence. 6 3 5 6 3 6
Figure S1
6 3 7
MetaRibo-Seq demonstrates some weak signs of overall codon-resolution.
3 8
(A-D) Triplet periodicity across footprint lengths for Sample A, B, C, and D, respectively.
3 9
Colors indicate which frame a read falls within. 6 4 2
MetaRibo-Seq demonstrates stronger codon resolution in taxa-specific analyses. 
